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Abstract: The semiwild population of Northern Bald Ibises (Geronticus eremita) at Birecik, Turkey, are the final representatives of the
Eastern population of the species in the Middle East, apart from a few captive birds in Turkish zoos. This study took place between 2012
and 2015. Breeding is highly synchronized among the colony and incubation behavior was monitored for multiple nests throughout
the day. Differences were found when incubation duty period was examined according to sex. In 2013, the incubation period varied
significantly between males and females (F = 71.059, P < 0.001). The female incubated eggs for 178.42 min per day on average, while the
male incubated for 233.69 min per day on average. A significant difference in incubation was determined between males and females (F
= 91.260, P < 0.001) in 2014. Females sat on eggs for 188.06 min on average, while males sat on eggs for 244.13 min on average. In 2015
the incubation period varied significantly by sex, similar to previous years (F = 79.871, P < 0.001). The female incubated for 159.66 min
in average, while the male incubated for 223.07 min on average.
Key words: Northern Bald Ibis, incubation, female residence time of incubation, male residence time of incubation, weeks of incubation,
synchronization

1. Introduction
The Northern Bald Ibis (Geronticus eremita) from the
family Threskiornithidae of the order Ciconiiformes is
known for its completely black feathers (Figure 1) (Cramp
and Simmons, 1998). It lives in the Palearctic region of the
Middle East and North Africa (Hirsch, 1979; Pegoraro,
1996; Cramp and Simmons, 1998). In previous centuries
it lived in wider geographical areas than today. The species
was determined to live and reproduce in Europe during the
16th and 17th centuries. The eggs and offspring have been
favored and eaten for various reasons, and their number
has reduced. In addition, their habitat has narrowed due
to the expansion of human settlements and agricultural
areas. These are the greatest contributors to the extinction
of the species in Europe (Hirsch, 1979; Thaler et al., 1981;
Şahin, 1986; Pegoraro, 1996; Bowden et al., 2010). Similar
problems apply to the Northern Bald Ibis, which have
spread across large areas in the Middle East. The hunting
of the Northern Bald Ibis and the collection of their eggs
and offspring in Iraq, Syria, and Saudi Arabia are the most
important reasons for their extinction (Şahin, 1980).
The General Directorate of Nature Conservation
National Parks (Turkey) has brought a few Northern Bald

Figure 1. Northern Bald Ibises in Birecik (Turkey).
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Ibises to the zoos of Ankara, İstanbul (Arıhan, 1998), and
Gaziantep for breeding on different dates.
The Northern Bald Ibis in Anatolia is regarded as sacred;
its extinction has been caused indirectly. In the 1960s the
Northern Bald Ibis, an insectivorous species, was adversely
affected by agricultural pesticides against grasshoppers in
Şanlıurfa. Although agricultural treatments such as DDT
have been used against grasshoppers, the Northern Bald
Ibis suffered more damage via food chains (Akçakaya,
1990; Akçakaya et al., 1992; Arıhan, 1998; Hatipoğlu, 2016).
The birds, found in the upper tiers of the nutrient pyramid,
have been biologically damaged by the bioavailability of
agricultural drugs in their bodies. Agrochemicals caused
the thinning of eggshells, growth deficiency of embryos
in eggs, anomalies, and serious damage in chicks and
adults (Şahin, 1980; Akçakaya, 1990; Akçakaya et al., 1992;
Pegoraro, 1996; Arıhan, 1998; Böhm and Pegoraro, 2011).
As a result, the population of Northern Bald Ibises has
collapsed. The last free-living Northern Bald Ibis in Birecik
was seen in 1989 (Arıhan, 1998).
A small group (seven individuals) found in Syria lives
freely (Serra, 2003; Serra et al., 2003, 2004, 2006, 2009,
2011, 2015). Six Northern Bald Ibises of Birecik were
handed over to the Syrian authorities in 2010 to support
this group of Northern Bald Ibises living in Syria (Bowden
et al., 2012). Due to the civil war in Syria, however, there is
now concern about the fate of this group.
The Northern Bald Ibis is a species whose number
increases slowly. The number of chicks per nest found in
Morocco varies between 0.45 and 2.27 (Bowden et al., 2003,
2008). In order to save the decreasing population in Birecik,
a breeding station for Northern Bald Ibises was established
in 1977 (Arıhan, 1998). It has begun to be raised in cages
with eleven birds (Şahin, 1981). This breeding station is of
great importance for saving the population after the last
free-living bird in nature was seen in 1989 (Bowden et al.,
2010). As in the population in Morocco, breeding was also
slow in the population in Birecik (Özbağdatlı et al., 2003;
Özbağdatlı, 2006; Hatipoğlu, 2009). Despite their slow
reproduction, the Northern Bald Ibises in Birecik were
found to have great reproductive potential (Kılıç, 2013a,
2013b, 2013c, 2014, 2015a, 2015b).
In 2012, the number of individuals in the Bald Ibis
production station increased from 126 to 152 (Kılıç,
2015c). At the end of research conducted in 2013 in
Birecik, 85 eggs were observed in 46 nests. Sixty-four
chicks had hatched from these eggs, and 52 of them had
reached the size at which they could fly (Yeniyurt, 2014).
In research conducted in 2015, 111 eggs were found in 41
nests. Seventy-eight chicks hatched from these eggs. The
number of chicks that could fly off the ground was 59
(Özkınacı and Yeniyurt, 2015). Average productivity from
2009 to 2015 was 1.12 fledglings per nesting pair (range:
0.96–1.19) in Birecik (Yeniyurt et al., 2017). In November
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2015, rings were put on the feet of the Northern Bald Ibises
in the cages. The number of chicks ringed in 2015 was
reported as 52.
Like other large bird species, Northern Bald Ibises fly
in a “V” format as they migrate. With the presence of the
foremost individual, the individuals at the back carry out
their flights with less energy expenditure (Portugal et al.,
2014; Voelkl et al., 2015).
It was reported that when a nest was first established,
male birds initially brought the nest material, followed
by males and females alternately bringing nest materials
(Hirsch, 1979; Sahin, 1982; Böhm and Pegoraro, 2011). If
one of the partners was not in the nest, the neighbors were
seen to steal the nest material. Stealing nest material from
other nests is a behavior performed by both sexes or by
males only (Sahin, 1982).
Once released from cages, the Bald Ibises come to
their old places from the previous year. The previous
year’s partners start to protect their old nests and peer
relationships. The nest is protected by the female and the
male together. Foreign males who want to come to the nest
are immediately attacked. There are serious fights with
foreign males that do not leave (Kılıç et al., 2015). Conflicts
are seen among males. The nesting female stays with her
partner during such fighting and supports him. They
cannot protect their nests against tyrannous males alone.
In the beginning, the female attacks the foreign male, but
if the male does not flee and persists, the female of the nest
can stay in the nest with the foreign male. Sometimes the
female of the nest leaves the nest to the foreign male and
moves away. The nesting male then comes from nearby
and attacks the stranger. It has been determined that the
winners of these fights are the nesting males (Kılıç et al.,
2015, Kılıç and Uysal, 2015).
The selection of the nest site has been discussed
among researchers (Şahin, 1980; Sahin, 1982). Among the
Northern Bald Ibis breeding naturally in Morocco, males
arrive to the potential nesting place first and advertise the
site to the females. During the years when they naturally
lived in Birecik, Northern Bald Ibises were found to
come to their nest sites with their partners (Şahin, 1980;
Sahin, 1982). The results obtained in studies in recent
years (2012–2015), which observed Northern Bald Ibises
bearing brands on their legs, showed partial difference
(Kılıç et al., 2015). If the nesting site is to be established for
the first time, the males will try to influence the females
with various ceremonies by sitting in suitable places where
the nest can be built. The nest is established with the
female that agrees to be a partner. If the nest site belongs to
a pair who have formed a pair in the previous years, both
the female and the male come together. The female and
the male stand at the old nesting site together and work
to build the nest in cooperation (Kılıç, 2015d; Kılıç et al.,
2015).
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At the beginning of the breeding season (mid-February
to early March), the birds in cages are left in the wild. From
the first day in nature the partners who come to the nesting
place take care of the nest throughout the day. Before the
initiation of incubation, the male stayed in the nest for
187 min on average. This time duration demonstrates
that the male is very attached to its nest. However, the
female stayed alone in the nest for 22 min. This is a very
short time period for the female to stay in the nest alone
compared to her partner. It has been reported that this is
related to the female spending more time feeding before
egg production. A behavior of placing materials in the nest
while maintaining partner relations has been observed, as
well as the female and male staying in the nest together.
It was determined that the partners stay together for an
average of 136 min per day before incubation (Kılıç et al.,
2015).
2. Materials and methods
Observations of the reproductive time of the Northern
Bald Ibises were made for 2 days each week. Research was
carried out over four breeding seasons between the years
of 2012 and 2015. Observations were continued without
interruption for 6–10 h during the day (Table 1). No night
observations were performed.
Observations were made at a distance of 50–100 m
from the nests (observations were made from outside the

breeding station so that the Northern Bald Ibises would
not be affected by the researcher) and activities in the nests
were recorded with binoculars, telescopes, cameras, and
video cameras. Five adjacent nests were regularly observed.
Because of the individual Darvic rings on all birds, they
were distinguished individually. Detailed evaluation and
statistical studies were done.
Northern Bald Ibises were taken into cages at the
end of the breeding season (June–July). Brooding station
veterinarians placed colorful plastic rings on the birds’ feet.
In addition, blood was taken from the birds for genetic
studies and sex determination (testing was performed
at the Department of Biology, Middle East Technical
University, Turkey) (Çakmak et al., 2017).
When determining the sex of the Northern Bald Ibises
(during 4 years [2012–2015] the same individuals were
always observed) we first considered the sexual behavior
(for example, the position in copulation). Secondly, we
looked at the head patterns (Pegoraro, 1996; Pegoraro and
Föger, 2001; Böhm and Pegoraro, 2011). Thirdly, we took
into account the colored rings on their feet.
We compared our results for sex determination with
the blood analysis (see Acknowledgments). The results of
both studies were the same.
Our sex determination studies were compared to the
studies by Yeniyurt (2014) and Özkınacı and Yeniyurt
(2015). Our results of sex determination matched theirs.

Table 1. Time of observations.
Year

Date (hours)

Time of
Number of nests /
observations (min) incubations observed (n)

2013

4 April 2013 (08:27–17:00)
10 April 2013 (09:00–17:00)
11 April 2013 (06:55–17:00)
17 April 2013 (09:30–17:00)
18 April 2013 (07:08–15:55)

513
480
605
450
527

2014

5 March 2014 (09:20–17:00)
06 March 2014 (07:15–16:30)
12 March 2014 (09:47–15:45)
13 March 2014 (06:55–16:00)
19 March 2014 (09:36–17:00)
20 March 2014 (06:47–16:00)
26 March 2014 (09:50–17:00)
27 March 2014 (06:40–16:00)

460
555
358
545
444
553
430
560

5

2015

12 March 2015 (07:12–15:00)
18 March 2015 (09:55–17:00)
19 March 2015 (07:05–15:00)
25 March 2015 (09:17–17:00)
26 March 2015 (07:03–15:00)
1 April 2015 (09:48–17:00)
2 April 2015 (07:08–15:00)
8 April 2015 (09:15–15:00)

468
425
475
463
477
432
472
345

3

5
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Mean and standard error values 
were given as
descriptive statistics in the analysis of the data. Two-way
analysis of variance and Bonferroni multiple comparison
tests were used in statistical evaluations of parameters. The
results were considered statistically significant for P < 0.05.
3. Results
Incubation began on different dates in March. Environmental
temperature is the determining factor in this change. During
a cold March, incubation starts late. Incubation start date is
affected by two factors. One of these is the date of release
from the cage (see years 2012 and 2015), and the other is the
ambient heat (see year 2013) (Table 2; Figures 2–7).
Incubation starts with the production of the first egg
and takes an average of 4 weeks. Generally 1–3 eggs are
laid.
Northern Bald Ibises share duties during the incubation
period. Both partners incubate. The partners are very
eager to stay in the nest during incubation, especially with
the first egg. The male incubated for longer periods during
the observation period, but it is likely that the female
incubated overnight. Observations made in five different
nests in different years confirmed this conclusion. Females
spent less time in the nest than their partners; the females
spent more time feeding. Egg production and breeding of
healthy offspring are contingent upon good nourishment
of the females. Males are more likely to incubate (Table 3)
and contribute indirectly to their partner’s nourishment.
In addition, the probability of having more incubation
time by males minimizes fights with neighboring males.
Incubation times and statistical evaluations for
different years are as follows.
The mean time of incubation (nests) in 2013 varied
considerably in relation to the parameters of the weeks
in incubation (F = 12.395; P < 0.001) and the sex of the
partners (F = 71.059; P < 0.001). These changes are
statistically significant.
Incubation periods for the first three weeks in 2013
are shown in Table 4. Observations of the fourth week of
incubation were not carried out. Nest owners (females and
males) were found to spend a minimum of 54.64 min and
a maximum of 139.63 min in incubation (Table 4).
The mean incubation time in nests in 2014 was not
statistically significant in terms of incubation weeks (F

= 2.625; P = 0.054). However, the incubation period
of partners was significantly different compared to sex
parameters (F = 91.260; P < 0.001).
The nests monitored in 2014 were sites monitored in the
previous year (n: 5 nests/incubation observed). Incubation
times are shown in Table 4. Mean observation times for
4 weeks of incubation were determined. Nest owners’
(female, male) average residence time in incubation was
found to be at least 79.13 min and at most 123.88 min.
(Table 4).
The mean time spent in incubation (nests) in 2015 did
not show a statistically significant change (F = 1.101, P =
0.355) compared to incubation weeks. The mean duration
of sitting in incubation showed a significant change with
respect to sex (F = 79.871; P < 0.001).
Table 4 shows the average brooding times for different
weeks during the 2015 incubation period. The average
time spent incubating in the nest ranged from a minimum
of 86.25 min to a maximum of 117.50 min.
The comparison of different incubation weeks in
2013 in terms of statistical significance is seen in Table
5. According to this, the 1st week of incubation differs
compared to the 2nd (P < 0.0001) and 3rd (P = 0.0005)
weeks of incubation. There is no difference in incubation
times between the 2nd and 3rd brooding weeks.
Table 6 compares the statistical significance of different
incubation weeks in 2014. According to the data, the
differences between the nesting periods of four incubation
weeks are not significant (Table 6).
Evaluation of the 2015 incubation period shown in
Table 4 in terms of statistical significance for different
incubation weeks is given in Table 7. As in 2014, the
difference in weekly incubation period was not significant
in 2015.
During the breeding period in 2013, five nests were
observed without interruption. It was determined that the
incubation periods of the partners varied (Table 8). The
male stayed in incubation longer than the female. The
female stayed in incubation for an average of 178.42 min
per day. On the other hand, the male stayed in incubation
for 233.69 min per day. The female and the male stayed
in the nest together for a short time. The mean duration
of cohabitation was 9.65 min (Table 8). Coexistence of
partners in the nest is seen during changing of broodings.

Table 2. Reproduction dates.
Years
2012
Release from cages
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2013

26 February 1 March

2014

2015

14 February 27 February

Start of incubation (firstsighting) 8 March

23 March 1 March

10 March

First hatching (first sighting)

21 April

8 April

5 April

29 March

KILIÇ and UYSAL / Turk J Zool
30.0

Temperature °C

25.0
20.0
15.0

minimum

10.0

maximum
mean

5.0
0.0
-5.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Day

Figure 2. Temperature, March 2013.
Figure 6. Temperature, April 2014.

Figure 3. Temperature, March 2014.
Figure 7. Temperature, April 2015.
Table 3. Comparison of preincubation times and incubation
times.

Figure 4. Temperature, March 2015.

Sex

The time of staying
in the nest before
incubation (min)
Mean (min.–max.)
(Kılıç et al., 2015)

The time of staying in
the nest for
incubation (min)
Mean (min.–max.)
(according to Table 8)

Female

21.96 (0.00–65.40)

175.38 (159.66–188.06)

Male

187.36 (29.60–343.80) 233.63 (223.07–244.13)

Female + Male 135.76 (23.20–275.60) 20.92 (6.31–46.80)
Empty

Figure 5. Temperature, April 2013.

18.92 (4.80–42.60)

0.40 (0.00–1.13)

The one who comes to take over waits for its partner to
leave. Furthermore, after the change of the brooding
period, the incubator does not move away immediately;
it stands still on the outer part of the nest for a varying
duration of time. During the incubation period, it was
observed that the nest was rarely left empty (Table 8).
In 2014, the monitored duration of partners staying in
incubation varied (Table 8). Males stayed in incubation for
an average of 244.13 min per day. However, females stayed
in incubation for an average of 188.06 min. The female and
the male were present in the nest together for a short time
(mean: 6.31 min). It has been observed that during the
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Table 4. Incubation time (min) (n: number of observations).
Year

2013

Week of
Dates
incubation

n

Mean

Standard
error

1

28

54.64

13.13

32

139.63

12.28

2
3
1

2014

2
3
4
1
2

2015

3
4

4 April 2013
10 April 2013
11 April 2013
17 April 2013
18 April 2013
5 March 2014
6 March 2014
12 March 2014
13 March 2014
19 March 2014
20 March 2014
26 March 2014
27 March 2014
12 March 2015
18 March 2015
19 March 2015
25 March 2015
26 March 2015
1 April 2015
2 April 2015
8 April 2015

40

122.13

10.98

-

-

-

32

79.13

13.06

32

112.88

13.06

32

123.88

13.06

32

123.75

13.06

28

112.79

9.61

24

117.50

10.37

24

113.00

10.37

12

86.25

14.67

Table 5. Multiple comparisons of incubation weeks in
terms of statistical significance, year 2013.
Weeks

Week 1

Week 1

Week 2

Week 3

P < 0.0001

P = 0.0005

Week 2

P = 0.8732

Table 6. Multiple comparisons of incubation weeks in
terms of statistical significance, year 2014.
Weeks

Week 2

Week 3

Week 4

Week 1

P = 0.4217

P = 0.1019

P = 0.1038

ns

ns

Week 2
Week 3

ns

ns (nonsignificant), P > 0.05
Table 7. Multiple comparisons of incubation weeks in
terms of statistical significance, year 2015.
Weeks

Week 2

Week 3

Week 4

Week 1

ns

ns

P = 0.8077

ns

P = 0.5178

Week 2
Week 3
ns (nonsignificant), P > 0.05
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P = 0.8457

Table 8. The time of staying in the nest for incubation (min)
according to sex (n: number of observations).
Year

2013

2014

2015

Sex

n

Mean

Standard error

Female

25

178.42

14.04

Male

25

233.69

14.04

Female + male

25

9.65

14.04

Empty

25

0.09

14.04

Female

32

188.06

13.06

Male

32

244.13

13.06

Female + male

32

6.31

13.06

Empty

32

1.13

13.06

Female

22

159.66

11.43

Male

22

223.07

11.43

Female + male

22

46.80

11.43

Empty

22

0.00

11.43

incubation period the nest was left empty for a very short
period (mean: 1.13 min) (Table 8).
In the nests observed in 2015, males stayed in
incubation for a longer time period than their partners,
as in the previous years (2013–2014) (Table 8). The female
stayed for an average of 159.66 min and the male stayed for
an average of 223.07 min. The duration of staying in the
nest for female + male was longer (mean: 46.80 min) than
in the previous years. The nest owners did not leave their
eggs alone (Table 8).
A multiple comparison of the partners’ staying periods
(according to Table 8) in terms of statistical significance in
2013 is shown in Table 9. The female’s incubation period
was significantly different from that of the male (P =
0.0396), male + female (P ˂ 0.0001) together, and the time
of leaving the nest empty (P ˂ 0.0001) (Table 9). It was
determined that the incubation period of the male alone
was statistically different from that of female + male (P ˂
0.0001) in terms of incubation period and leaving the nest
empty (P ˂ 0.0001) (Table 9). No statistically significant
difference (nonsignificant, P > 0.05) was found between
the time of the incubation period of the female + male
together and leaving the nest empty.
A multiple comparison of partner incubation times
(according to Table 8) in terms of statistical significance in
2014 is shown in Table 10. Females stayed in incubation for
a shorter time period than males, and the length of staying
varies between males and females (P = 0.0179) (Table 10).
Significant differences were observed in the comparison
of incubation period of females with the incubation time
of female + male together (P < 0.0001). A statistically
significant difference was found when the time of leaving
the nest empty and the incubation period of females were
compared (P < 0.0001) (Table 10). The incubation times
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Table 9. Multiple comparison of incubation period (year
2013) according to sex parameters.

Table 11. Multiple comparison of incubation period (year
2015) according to sex parameters.

Sex

Male

Female + male Nest empty

Sex

Male

Female + Male Nest empty

Female

P = 0.0396

P < 0. 0001

P < 0. 0001

Female

P = 0.0012

P < 0.0001

P < 0.0001

P < 0. 0001

P < 0. 0001

Male

P < 0.0001

P < 0.0001

ns

Female + male

Male
Female + male
ns (nonsignificant), P > 0.05

Table 10. Multiple comparison of incubation period (year
2014) according to sex parameters.
Sex

Male

Female + Male Nest empty

Female

P = 0.0179

P < 0.0001

P < 0.0001

P < 0.0001

P < 0.0001

Male
Female + male

ns

ns (nonsignificant), P > 0.05

of males statistically differed from the incubation times
of females + males (P < 0.0001) and the period of leaving
the nest empty (P < 0.0001) (Table 10). There was no
statistically significant difference between the time spent
by female + male together and the time when the nest was
left empty (ns = nonsignificant, P > 0.05) (Table 10).
A multiple comparison of the partners’ incubation
periods (Table 8) in terms of statistical significance in 2015
is shown in Table 11. Females stayed in incubation less
than their partners. When the durations are compared,
there is a significant difference between them (P = 0.0012)
(Table 11). A significant difference was observed in the
comparison of the incubation period of the female with
the incubation period of female + male (P < 0.0001).
A statistical difference was found when the time of
leaving the nest empty and the time of females staying in
incubation were compared (P < 0.0001) (Table 11). The
incubation times of males had a statistically significant
difference from incubation periods of females + males (P <
0.0001) and the time of leaving the nest empty (P < 0.0001)
(Table 11). The female + male incubation period in 2015 is
significantly different from the period of leaving the nest
empty. This situation was different from 2013 and 2014.
The female + male cohabitation time is different in terms
of statistical significance during the period of leaving the
nest empty (Table 11).
3.1. Sitting position in incubation
The individuals sit on the eggs in a quite flattened
positioned. The head is held close to the ground. The
sitting position of egg incubation differs according to that
when brooding with chicks. Comparing the two positions,
the sitting position of egg incubation appears to be more
flattened.

P = 0.0301

3.2. Female-male difference in sitting position
The male’s position during incubation is higher than that
of the female. The contact area of the male with the eggs is
smaller. The female is more flattened than her partner and
covers a larger area of the egg.
3.3. Synchronization in incubation
It was observed that adults who were in different nests
were doing the same actions simultaneously. These
synchronized behaviors (Immelmann, 1982, 1983)
(synchronicity) occur at the same time in different nests.
Those who do these behaviors may be from the same sex or
from different sexes. They are affected by seeing each other.
Sometimes individuals can exhibit the same behaviors
without seeing each other. Synchronized behaviors were
observed in behaviors of couples in at least two different
places. Synchronization was observed in terms of changing
for incubation in the nest, bringing material to the nest,
food intake, individual comfort behaviors, and egg and
nest nursing care behaviors.
3.4. Behaviors during changing incubation
During the period between 2012 and 2015, observations
in Birecik showed four different behaviors, “greeting”,
“hugging”, “attack”, and “giving a gift”, during the changing
for incubation in different nests. The frequency of these
behaviors varied between males and females.
Partners greet each other by moving their beaks up and
down. Greeting eliminates aggressive behavior.
The bird that flies to the nest must “hug” its partner
because of its speed. This behavior decreases the flying
one’s speed. Also, the incoming bird is protected from the
attack of its partner via this behavior. Otherwise, any bird
coming to the nest will be attacked by the sitting partner.
3.5. Leaving the eggs alone
During incubation it was observed that eggs were rarely
left alone. During the incubation period between 2013
and 2015, the eggs were left alone for only 38 min in 12
nests. In uninterrupted incubations, the eggs were seen
alone for only 1–4 min each time. The eggs were left alone
during food intake and defecation. It was seen that the
birds leaving the eggs alone were always males. The eggs
were rarely left alone in the nest. There was no difference
between the years. On days where ambient temperature is
low or high, the eggs can be left alone for 1–4 min.
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4. Discussion
The date of incubation initiation can vary for different
reasons. Reproductive activities begin early when
Northern Bald Ibises are released earlier from their
cages. If they were let out of cages in mid-February,
the incubation could begin at the beginning of March.
Another factor influencing the initiation of incubation is
ambient heat. In the years when low temperatures were
experienced, incubation started later (Table 2) (Figures
2–7). The incubation period began only at the beginning
of April during colder periods.
Pegoraro (1996) reported that eggs were first laid in
Birecik during the third week of March. Between 2012
and 2015 in Birecik, incubation started to occur before
and after this date. The egg production date of the colony
in Morocco was given as the end of March/beginning of
April (Pegoraro, 1996; Bowden et al., 2003; Böhm and
Pegoraro, 2011). These originated in Morocco, and it has
been reported that Bald Ibises in the Alpenzoo (Austria)
also hatched eggs during the same dates (Pegoraro, 1996;
Böhm and Pegoraro, 2011).
Northern Bald Ibises usually lay 1–5 eggs in Morocco,
but generally 1–3 elsewhere. Four eggs (n = 4) were
identified in the nests at the Birecik Northern Bald
Ibis Production Station (Yeniyurt, 2014; Özkınacı and
Yeniyurt, 2015).
It is stated that there are four changeovers between
partners during certain hours of the day during incubation
(Şahin, 1980). However, it was also found that there can be
as many as ten shifts between partners a day (Şahin, 1980).
During the changing for incubation, the partner who
came to take over incubation duties brought nest material
(Şahin, 1980; Sahin, 1983; Pegoraro, 1996; Böhm and
Pegoraro, 2011). The individual who comes to take over
incubation duties forces the sitting partner (Sahin, 1983).
Pegoraro (1996) found that both sexes sit in incubation,
changing shifts at more or less regular intervals. During
the incubation shift, Pegoraro noted that the bird who
came to the nest was greeted near the nest and brought
out material that attracted the eye, like a feather. The
aggressiveness of the hatchling is reduced by taking care
of this material together with the partners. In these studies
(Sahin, 1983; Pegoraro, 1996) there is no mention of
behavioral differences between females and males and the
partners’ incubation times.
The female is more flattened on the egg. Even at the
same time of day and at the same ambient temperature, the
female sits more flatly on the egg than the male. Females
seem more attentive to protecting the eggs.
The frequency of four behaviors (hugging, greeting,
attack, and gift-giving) seen during changing for
incubation in the research from 2012 to 2015 varied (n =
47, year 2013). During the changing for incubation, the
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task of the companion is delivered mostly with “hugging”.
“Giving a gift” and “greeting” were the preferred behavior
during the same number of changes for incubation. The
desire of the partners to take over forcibly with the “attack”
of each other in the nest is the least seen behavioral form.
During forcible changes, males showed more “aggression”
behavior than their partners. In our observations, it has
been determined that birds often arrive to the nest with
material (“gift-giving”) before taking over the nest, a
behavior seen in both females and males. Females used
“hugging” during forcible changes while males used the
“greeting” behavior more frequently.
It has been reported that matings are seen during
forcible changes (Sahin, 1983). According to our
observational results, mating was not detected during
exchanges of incubation duties.
The eggs are left rarely in the nest. There was no
difference between the years. On days where ambient
temperature was low or high, the eggs could be left alone
for 1–4 min.
The partner who takes over the nest is interested in
the organization of the nest, cleaning and turning eggs
(Pegoraro, 1996; Böhm and Pegoraro, 2011). During this
period, the partner who takes over exhibits some cleaning,
bending, shaking, and stretching behaviors at the edge
of the nest (Pegoraro, 1996; Böhm and Pegoraro, 2011).
Similar behaviors were observed in our observations
in Birecik. These can also be interpreted as showing the
neighbors’ nests or simply as comfort behaviors.
It has been reported that incubation is suspended due to
nesting and egg care (Pegoraro, 1996; Böhm and Pegoraro,
2011). Similar behaviors were detected in the Birecik
Northern Bald Ibis Breeding Station. Pegoraro (1996)
noted that the floor of the nest was shaken with a halfopen beak. In this method unwanted materials were rolled
down through the nest material. This is for nest cleaning.
During our observations in Birecik, the surroundings of
the egg and underneath it were frequently seen as being
shaken. These behaviors prevent the hardening of the nest
floor. Various objects were placed on the edge of the nest
by taking them into the beak (Pegoraro, 1996).
Incubation lasted four weeks. Incubation weeks
differed in terms of sitting times in 2013. The difference
was between the first week and the second week (P <
0.0001) and between the first week and the third week (P =
0.0005). There was no significant difference in incubation
times between the second and third weeks (P = 0.8732)
(Table 5). There was no significant difference in terms of
sitting times between incubation weeks in 2014 and 2015
(Tables 6 and 7).
In addition to its various benefits, synchronic behavior
also contributes to the success of incubation and breeding
chicks because it reminds the birds and displays the
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tasks that individuals in different nests must perform.
Synchronized behaviors have various benefits to group
members and neighbors in this way. It has not been fully
identified how the neighbors or groups are affected by each
other in synchronized behaviors (such as forcible changes,
incubation, mass flight, or going to feed together).
During the breeding period (n = 60.8 h) of Southern
Bald Ibis (Geronticus calvus), it was determined that the
females were interested in nesting in daily activities at
44.9%. However, during this period (n = 27.9 h) the male
worked for nesting during as much as 32.4% of his daily
activities. There is a difference between partners during
nesting (Kopij, 1998). According to the results found in
Birecik, males were occupied with the nest more than
their partners by staying more in the nest. This situation
can be interpreted as the difference in interest between two
species that are closely related. In Birecik, partners stayed
in the nest together for short periods (6.3–46.8 min).
Females and males incubate at the same time only during
incubation changes. Rarely, the incubating bird has been
left to incubate all day.
In our observations in Birecik, it was determined that
while the female was sitting in the nest during the nest
construction and the placing of the material, the male was
interested in carrying the nest material to the nest (Kılıç et
al., 2015) (Table 12). In this respect, it is considered that
the task-sharing feature should be taken into consideration
rather than comparing the partners.
The interest of the partners in incubation shows
differences (Kılıç, 2015d). Females incubate for less time
than males (Table 8). Males stay incubating for longer
periods, which gives the females better opportunities for
feeding and personal care-comfort behavior.
Males are more likely to remain in incubation and
fights between neighboring males are blocked. Fights
are seen between males 98% of the time. Fights between
females and males are rare (2%). The reason for fighting is
strangers coming to the nest.
There is a clear difference between the periods of
incubation (Kılıç et al., 2015) and incubation periods
in the preincubation period. The males stay in the nest
(visit) about nine times more than their partners before
incubation. The male thus shows that it is the guardian
of the nest before incubation. This difference presumably
provides more time for the females to feed for egg
production. In addition to the ready-made feed offered
at the station, it also naturally feeds on the edge of the
Euphrates River. The female stays in the nest approximately
eight times more than before incubation (Kılıç et al.,

Table 12. Number of nest materials
brought to nest (n) for preincubation
(Kılıç et al., 2015).
Nest

Female

Male

1

0

4

2

0

16

3

0

15

4

0

24

5

1

22

Total %

2%

98%

2015), but the female still has shorter duties than the male.
The male’s staying time in the nest during the incubation
period, which is nine times more than the female before
the incubation period, is just slightly less than the female’s
during incubation period (Table 8).
Prior to egg-laying, it is the male that visits and sits at
the nest site much more frequently than the female.
The precondition for not leaving the eggs unattended
due to predation pressure emerges (Kılıç et al., 2015).
Once the first egg is laid, the nest is rarely left empty.
During the investigations, differences were found in
the interest of the nest owners in the nests, incubation,
and their partners. Relations between partners were
found to be harmonious in some nests and inconsistencies
were found in other nests (in Northern Bald Ibises, pairs’
associations are observed for three years or more). Detailed
studies will enable the appearance of individual characters
in Northern Bald Ibises.
Acknowledgments
We thank our instructor, M. Sadullah Öztürk, the pioneer
of the Northern Bald Ibis rescue project, a true nature
lover who helped us greatly. We would like to thank
Christopher G. R. Bowden (RSPB-Royal Society for the
Protection of Birds) for scientific contributions. This study
was supported by Dicle University (DÜBAP-14-FF-73).
Thanks to the Northern Bald Ibises Brooding station
workers and volunteers (General Directorate of Nature
Conservation National Parks, Turkey). Thanks to the
wardens who feed them. We would like to thank the team
for the individual ringing of the Northern Bald Ibises every
year and the collection of blood samples. We thank Dr. E.
Çakmak for sharing his knowledge of sex identification
with DNA analysis (Department of Biology, Middle East
Technical University, Turkey). We would also like to thank
C. Yeniyurt and Prof. Dr. Y. Coşkun.

625

KILIÇ and UYSAL / Turk J Zool
References
Akçakaya HR (1990). Bald ibis (Geronticus eremita) population in
Turkey: an evaluation of the captive breeding project for reintroduction. Biological Conservation 51: 225-237.
Akçakaya HR, Akçakaya R, Barış YS (1992). Birecik’teki Kelaynak
(Geronticus eremit) populasyonunun yokolma nedenleri ve
koruma çalışmalarının değerlendirilmesi. Doğa-Turkish Journal of Zoology 16: 1-12 (in Turkish).
Arıhan O (1998). Recent information on the occurrence of the
Northern Bald Ibis Geronticus eremita. Turna 1 (1): 10-15.
Böhm C, Pegoraro K (2011). Der Waldrapp Geronticus eremita
Ein Glatzkopf in Turbulenzen. 1. Auflage. Die Neue BrehmBücherei Bd 659, Westrap Wissenschaften Hohenwarsleben.
Leipzig, Germany: VerlagsKG Wolf (in German).
Bowden CGR, Aghnaj A, Smith KW, Ribi M (2003). The status and
recent breeding performance of the last known wild population of Northern Bald Ibis Geronticus eremita on the Atlantic
coast of Morocco. Ibis 145: 419-431.
Bowden CGR, Boehm C, Jordan MJR, Smith KW (2010). Why is
reintroduction of Northern Bald Ibis Geronticus eremita so
complicated? An overview of recent progress and potential.
In: Lamont MM (editor). Proceedings of the IV International
Symposium on Breeding Birds in Captivity 2007, Toronto,
Canada, pp. 27-35.
Bowden CGR, Hamoud A, Jbour S, Fritz J, Peske L et al. (2012). Attempted supplementation of the relict wild Eastern population
of Northern Bald Ibis in Syria with Turkish semi-wild juveniles. IUCN Reintroduction Specialists Group Case Studies
Part III: 130-134.
Bowden CGR, Smith KW, El Bekkay M, Oubrou W, Aghnaj A et al.
(2008). Contribution of research to conservation action for the
Northern Bald Ibis Geronticus eremita in Morocco. Bird Conservation International 18 (1): 74-90.
Çakmak E, Akın Pekşen Ç, Bilgin CC (2017). Comparison of three
different primer sets for sexing birds. Journal of Veterinary Diagnostic Investigation 29: 59-63.
Cramp S, Simmons KEL (1998). The Complete Birds of the Western
Palearctic. CD-ROM. Oxford, UK: Oxford University Press.
Hatipoğlu T (2009). Northern Bald Ibis Project at Birecik Breeding
Centre: yesterday, today and tomorrow. In: Boehm C, Bowden
CGR (editors). 3rd IAGNBI Meeting 2009, Palmyra, Syria, pp.
49-51.
Hatipoğlu T (2016). Conservation Project, Birecik, Turkey. In: Boehm
C, Bowden CGR (editors). Northern Bald Ibis Conservation
and Translocation Workshop. Report of 4th International
Advisory Group for the Northern Bald Ibis (IAGNBI) Meeting,
Seekirchen, Austria, August 2016, pp. 40-46.
Hirsch U (1979). Studies of West Palearctic birds, 183 Bald Ibis. British Birds 72: 313-325.
Immelmann K (1982). Wörterbuch der Verhaltensforschung. Berlin,
Germany: Parey (in German).

626

Immelmann K (1983). Einführung in die Verhaltensforschung 3.,
neubearb. u. Erw. Aufl. Berlin, Germany: Parey (in German).
Kılıç A (2013a). Kelaynak Kuşlarında Üreme-2012 (oral presentation). In: 1. Ulusal Zooloji Kongresi, 28–31 August 2013,
Nevşehir, Turkey (abstract book), p. 28 (in Turkish).
Kılıç A (2013b). Kelaynak Kuşları 2013 Yılı Üremesi (oral presentation). In: XI. Ulusal Ekoloji ve Çevre Kongresi, 1–4 October
2013, Samsun, Turkey (abstract book), p. 59 (in Turkish).
Kılıç A (2013c) Birecik Kelaynak Kuşlarının (Geronticus eremita)
Üreme Davranışlarına Başlaması - 2013 (oral presentation).
In: GAP Biyoçeşitlilik Sempozyumu, 23–25 May 2013 (abstract book), p. 12 (in Turkish).
Kılıç A (2014). Soyu Tükenmek Üzere Olan Birecik Kelaynak
Kuşlarında (Geronticus eremita) Üreme Potansiyeli (oral presentation). In: 22. Ulusal Biyoloji Kongresi, 23–27 June 2014,
Eskişehir, Turkey (abstract book), p. 240 (in Turkish).
Kılıç A (2015a). Kelaynak Kuşunun (Geronticus eremita) Türkiye’deki
Durumu (oral presentation). In: Biyoçeşitlilik Sempozyumu,
22–23 May 2015, Şanlıurfa, Turkey (abstract book), p. 63 (in
Turkish).
Kılıç A (2015b). Türkiye’de Koruma Biyolojisinin Önemi ve Kelaynak
Kuşları (keynote speaker). In: 2. Ulusal Zooloji Kongresi,
28–31 August 2015, Afyonkarahisar, (abstract book), p. 2 (in
Turkish).
Kılıç A (2015c). Reproduction Success in the Birecik Northern Bald
Ibis (Geronticus eremita). Journal of Applied Biological Sciences 9 (1): 6-15.
Kılıç A (2015d). Kelaynak Kuşlarında Kuluçka Paylaşımı (oral presentation). In: 2. Ulusal Zooloji Kongresi, 28–31 August 2015,
Afyonkarahisar (abstract book), p. 3 (in Turkish).
Kılıç A, Uysal E (2015). Kelaynak Kuşlarının (Geronticus eremita)
Türkiye’deki üreme başarısı – 2013. Dicle Üniversitesi Fen Bilimleri Enstitüsü Dergisi 4 (2): 87-94 (in Turkish).
Kılıç A, Uysal E, Yüksel F (2015). Kelaynak Kuşlarında (Geronticus
eremita) Kuluçka Öncesi ve Yuva Kurma Davranışları. Anadolu Doğa Bilimleri Dergisi 6 (2): 175-183 (in Turkish).
Kopij G (1998). Behavioral patterns in the Southern Bald Ibis (Geronticus calvus) at breeding sites. Vogelwarte 39: 248-263.
Özbağdatlı N, Hatipoğlu T, Tavares J (2003). Kelaynak or Northern
Bald Ibis at Birecik. In: Boehm C, Bowden C, Jordan M (editors). IAGNBI Meeting, Innsbruck, Austria, 2003, pp. 31-32.
Özbağdatlı N (2006). Northern Bald Ibis Project at the Birecik Breeding Centre. In: Boehm C, Bowden CGR, Jordan M, King C
(editors). 2nd IAGNBI Meeting, 2006, pp. 47-49.
Özkınacı G, Yeniyurt C (2015). Kelaynakların (Geronticus eremita)
Birecik’teki 2015 Yılı Üreme Başarıları (poster). In: XII. Ulusal
Ekoloji ve Çevre Kongresi, 14–17 September 2015, Muğla Turkey (abstract book), p. 375 (in Turkish).

KILIÇ and UYSAL / Turk J Zool
Pegoraro K (1996). Der Waldrapp: vom Ibis, den man für einen Raben hielt. Wiesbaden, Germany: AULA (in German).
Pegoraro K, Föger M (2001). Individuality in the Northern Bald Ibis
or Waldrapp Ibis Geronticus eremita – key features for a complex social system. Acrocephalus 22: 73-79.
Portugal SJ, Hubel TY, Fritz J, Heese S, Trobe D et al. (2014). Upwash
exploitation and downwash avoidance by flap phasing in ibis
formation flight. Nature 505: 399-402.

Serra G, Lindsell JA, Peske L, Fritz J, Bowden CGR et al. (2015).
Accounting for the low survival of the critically endangered
northern bald ibis Geronticus eremita on a major migratory
flyway. Oryx 49 (2): 312-320.
Serra G, Peske L (2006). Northern Bald Ibis conservations efforts in
Syria 2002–2006:
results and lessons learned. In: Boehm C, Bowden CGR, Jordan M,
King C (editors). 2nd IAGNBI Meeting, 2006, pp. 36-38.

Şahin R (1980). Kelaynak Kuşlarının (Geronticus eremita) Davranış
ve Biyolojileri. Diyarbakır, Turkey: Dicle University (in Turkish).

Serra G, Peske L, Abdallah MS, Al Quaim G, Kanani A (2009).
Breeding ecology of the last oriental N. Bald Ibises in the Syria
desert. Journal of Ornithology 150: 769-782.

Şahin R (1981). Zur Aufzucht der Waldrappen (Geronticus eremita)
in Birecik, Türkei. Communications Faculty of Sciences University of Ankara (Ser. C3) 25: 37-44 (in Turkish with abstract
in German).

Serra G, Razzouk T, Taher M, Budieri A, Bowden CGR (2003). Newly discovered wild population of Northern Bald Ibis in Syria
and provisional plans to develop a project to conserve them.
IAGNBI Newsletter 2: 8.

Sahin R (1982). Beitrag zum Fortpflanzungsverhalten der freilebenden Waldrappe (Geronticus eremita) in der Türkei, 1. Mitteilung: Ankunft, Paarbildung und Nisten. Ökologie der Vögel
4: 181-190 (in German).

Thaler E, Ettel E, Job S (1981). Zur Sozialstruktur des Waldrapps
Geronticus eremita-Beobachtungen an der Brutkolonie des
Alpenzoos Innsbruck. Journal of Ornithologie 122 (2): 109128 (in German).

Sahin R (1983). Beitrag zum Fortpflanzungsverhalten der freilebenden Waldrappe (Geronticus eremita) in der
Türkei, 2. Mitteilung: Eiablage, Brüten und Schlüpfen. Ökologie der Vögel 5:
255-262 (in German).

Voelkl B, Portugal SJ, Unsöld M, Usherwood JR, Wilson AM et al.
(2015). Matching times of leading and following suggest cooperation through direct reciprocity during V-formation flight
in ibis. Proceedings of the National Academy of Sciences of
the USA 112 (7): 2115-2120.

Şahin R (1986). Birecik Kelaynakları (Geronticus eremita L.) ve
Yaşama Şansları Sözlü Sunum (oral presentation). In: Çamaltı
Tuzlası ve Türkiye’deki Diğer Kuş Cennetleri Sempozyumu,
14–15 April 1986, İzmir, Turkey, pp. 1-11 (in Turkish).
Serra G (2003). The discovery of Northern Bald Ibises in Syria. World
Birdwatch 25: 10-13.
Serra G, Abdallah M, Assaed A, Abdallah A, Al Qaim G et al. (2004).
Discovery of a relict breeding colony of northern bald ibis Geronticus eremita in Syria. Oryx 38 (1): 106-108.

Yeniyurt C (2014). Kelaynakların (Geronticus eremita) Birecik’teki
2013 Yılı Üreme Başarıları. In: 22. Ulusal Biyoloji Kongresi,
23–27 June 2014, Eskişehir, Turkey, p. 976 (in Turkish).
Yeniyurt C, Oppel S, Isfendiyaroğlu S, Özkınacı G, Erkol IL et al.
(2017). Influence of feeding ecology on breeding success of a
semi-wild population of the critically endangered Northern
Bald Ibis Geronticus eremita in southern Turkey. Bird
Conservation International 27: 537-549.

Serra G, Bruschini C, Lindsell JA, Peske L, Kanani A (2011). Breeding range of the last eastern colony of Critically Endangered
Northern Bald Ibis Geronticus eremita in the Syrian steppe: a
threatened area. Bird Conservation International 21: 284-295.

627

